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Abstract The current study aims to assess the impact of obesity on polycystic ovary syndrome. It has a huge 
impact on the body, impacting physical, emotional, cognitive, and intellectual faculties. Diabetes mellitus, 
cardiovascular disease, endometrial cancer, and other clinical problems result. Insulin resistance, which refers to the 
process by which the body is unable to respond to insulin production sequentially, leading to a high level of 
triglycerides and cholesterol in the blood, is one of the most dangerous aspects studied in these individuals. Obesity 
is the leading cause of this condition, which is caused by an excessive buildup of fat in the body, which interferes 
with the body's natural functioning. Cardiovascular illnesses, which lead to a higher death rate globally, have a 
substantial relationship with PCOS. Women with PCOS have an increased amount of fatty tissues, which can 
worsen the condition and lead to type-II diabetes, stroke, and CVD. Physical manifestations of this heinous disease 
include acne, hirsutism, androgenetic alopecia, or male pattern baldness. Metabolic abnormalities contribute to the 
development and progression of PCOS and have major ramifications in later life that can be hazardous to health. It 
has been shown that even a 5% weight loss can reduce insulin and testosterone levels and improve fertility and 
menstrual cycle. Cinnamon has been shown to enhance menstrual cyclicity and insulin sensitivity in women with 
PCO. The purpose of this review is to investigate the efficacy of cinnamon supplementation in conjunction with 
specific lifestyle modifications, which has been proven to have potential therapeutic benefits against obesity and 
PCOS. 
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1. Introduction 


Polycystic ovarian syndrome is a problem that occurs as 
a result of hormonal imbalance and obesity, which is the 
primary cause of this disease. It is also known as Hyper 
androgenic Anovulation or Stein-Leventhal Syndrome 
since it was initially characterised as an oligoamenorrhea 
condition by Stein and Leventhal. It is a common 
metabolic disorder as well as a reproductive condition that 
affects females of reproductive age [1]. According to 
biochemical studies, people with this illness typically have 


excessive cholesterol and triglycerides, which can lead to 
other metabolic problems. It is a syndrome in which one 
or both ovaries develop around 10 tiny cysts with 
diameters of 2mm and 9mm [2]. These cysts arise when 
the body attempts to ovulate but fails, resulting in tiny 
cysts. Overall, it affects 6-25% of females of reproductive 
age, although at the community level, its prevalence is 
lower in comparison to other disorders [3]. Non-insulin- 
dependent diabetes, high blood pressure, insulin resistance, 
and higher levels of all lipids or lipoproteins are examples 
of metabolic dysfunctions. Amenorrhea, which refers to 
the complete absence of menstruation, subfertility, and 
endometrial cancer, which develops in the uterus and 
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negatively affects other body processes as well as an 
elevated cell production rate, are reproductive difficulties 
similar to polycystic ovarian syndrome [4]. 

Women with PCOS may also experience depression, 
which causes relentless feelings of discomfort that affect 
the normal activity and the usefulness of bodily functions, 
lack of interest, abrupt mood fluctuations, unexplained 
weight gain, and issues with eating patterns of considerable 
interest [5]. It is also linked to cardiovascular illnesses, 
which are a group of ailments that lead to chest discomfort, 
artery blockage, and, ultimately, death. Intima medium 
thickness (IMT) in PCOS individuals causes the production 
of carotid artery plaque, which is connected with age, 
hypercholesterolemia, obesity, smoking, and diabetes, 
increasing the risk of stroke and heart attack in comparison to 
the same age group who do not have this disease [6]. It 
has also been discovered that total cholesterol, low-density 
lipoproteins, and triglycerides are greater, whereas high- 
density lipoproteins are lower [7]. Many environmental 
and genetic variables contribute to the progression of this 
illness. The prevalence of common dermatologic symptoms 
in females suffering from acne (53%), hirsutism (65-70%), 
androgenic alopecia (33%), and seborrheic dermatitis 
(35%). It was first assumed that it was a condition that 
only affected adult women, but it has now been shown 
that it also occurs during the prenatal period. PCOS has a 
significant economic impact on several nations. Every 
year, over $4 billion in the United States and $800 million 
in Australia are spent on the treatment of problems caused 
by this ovarian condition [4]. Patients hospitalized to 
hospitals had double the proportion of those who have 
PCOS as those who do not. Using NIH standards, 10% of 
women of reproductive age are diagnosed with PCOS, 
however using Rotterdam criteria, more than 18% of 
females are affected. PCOS is seen in 80-90% of women 
who experience menstrual abnormalities [2]. 

Many research studies have recently been conducted to 
examine the effects of natural supplements and herbal 
therapy on PCOS and its associated issues. Cinnamon is a 
popular beneficial herbal ingredient all over the world, 
and its medicinal effects have been thoroughly researched 
[8]. Cinnamon has long been utilized as a traditional 
medicine in various parts of the world, including China, 
India, the Unitarian Church, and Iran. Cinnamon may be 
useful in the treatment of PCOS by boosting the activity 
of phosphatidylinositol 3-kinase in the insulin signaling 
pathway, hence improving insulin action. In accordance 
with this, growing data suggests that the presence of 
inositol is required for insulin sensitivity and activity, 
which might be considered beneficial. They influence 
insulin-stimulated glucose consumption in the cell via 
many mechanisms such as cellular absorption of glucose 
or glycogen formation; also, inositol improves multiple 
components of the metabolic syndrome such as glucose 
tolerance, blood pressure, and triglyceride levels. 
Furthermore, inositol may have a role in restoring fertility 
in PCOS women [9]. In oocytes and follicular cells, 
myo-inositol functions as a second messenger of the 
luteinizing hormone (LH) and _ follicle-stimulating 
hormone (FSH) signalling pathways. The amounts of 
myo-inositol in human follicular fluid regulate follicular 
maturity and oocyte quality. Cinnamon is a Cinnamomum 
bark that grows to be 5 to 7 meters tall and is constantly 


green. Cinnamon contains numerous components 
(procyanidins, diterpenes, phenylpropanoids, mucilage, 
and polysaccharides), but cinnamaldehyde is the most 
significant. Cinnamon possesses anti-oxidant, anti- 
inflammatory, anti-diabetic, anti-fungal, and anti-bacterial 
effects, as well as the ability to alleviate nausea and 
diarrhoea [10,11]. Many clinical investigations suggest 
that cinnamon supplementation has an influence and 
efficacy level on body mass index (BMI), hormonal 
imbalance, oxidative stress, fertility, and glucose 
homeostasis parameters in PCOS patients [12]. It has been 
used to treat a variety of illnesses, but additional study has 
lately been conducted to examine its impact on obesity, 
metabolic syndrome, and PCOS. The pathogenesis of 
polycystic ovarian syndrome, as well as its signs and 
symptoms, will be discussed in this review, as will the 
morbidities associated with the condition, the effect of 
cinnamon supplementation on PCOS, and the treatment 
necessary to control this problem. 


2. Bioactive Components 


Cinnamon's biological benefits are attributable to its 
bioactive component makeup. For the identification of 
these substances, liquid chromatography (LC) and gas 
chromatography (GC) are utilised, with the first being 
used to detect phenolic compounds and the second for 
volatiles analysis [13]. Table 1 lists the primary phenolic 
chemicals found in cinnamons. 


Table 1. 

Compound ay pape 
Rutin mg/100g 0.672 
Kaempferol mg/100g 0.016 
Quercetin mg/100g 0.172 
Catechin mg/100g 1.9 
Isorhamentin mg/100g 0.103 
Gallic acid pg/g 8.21 
p-Hydroxybenzoic acid pg/g 3.54 
Protocatechuic acid pg/g 281.2 
3,4-Dihydroxybenzaldehyde pg/g 2.3 
p-Hydroxybenzaldehyde pg/g 0.4 
Salicylic acid pg/g 3.28 
Syringic acid pg/g 5.23 
Cinnamic acid peg/g 604.9 
p-Coumaric acid pg/g 1.81 
Vanillic acid g/g 0.89 
Chlorogenic acid pg/g 9.46 
Vanillin g/g 3.36 
Caffeic acid pg/g 0.81 
Catechin mg/100g 1057.7 
Caffeic acid mg/100g 153 
Cinnamyl aldehydes mg/100g 109.1 


The effects of cinnamon on the cardiovascular system 
and the related biological activities (prediabetes, 
antiobesity, T2DM, antioxidant, PCOS, anti- 
inflammatory). It should be mentioned that most of the 
biological effects have been identified in extracts or 
supplements obtained from the bark of cinnamon as 
shown in Table 2. 
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Table 2. Protective activities of cinnamon in the cardiovascular system and other related effect 


Cinnamon Extract Compounds Study type Results Mechanism References 
: : oe The effect is due to the 
In vitro, In vivo, In silico. ars Sa 
Inhibi Sie ak The extracts inhibit the synergistic effects of all 
: nhubitory activity 0 enzymes, improve the the compounds present 
Fatty acids, a-amylase and ea as . ; 3 
Aqueous, EtOH, ae ; diabetic state (normalize in ethanolic extract. 
phenolic acids, a-glucosidase enzymes. In as 3 eae [14] 
MeOH ierenes ‘vo: adult Albino Wi glucose, insulin, and other The stimulating impact 
P . vivo: adult ino . istar marker enzymes), and show a of the B-cells and the 
male rats were STZ-induced ss : 
. hypolipidemic effect same drug also has the 
diabetes ace ; 
hypolipidemic effect 
Both compounds decreased 
the ST segment elevation 
Cinnamic acid in-vivo: 80: male Sprague: induced by acute myocardial | The protection observed 
Standard and (CD) Dawley tats, were ischemia, decreased serum was attributable to 
Cc if cinnamnic isoproterenol-ini aica dacuié levels of CK-MB, LDH, antioxidant and anti- [45] 
i al a de (c A) r egardial iachenia TNF-a, and IL-6, increased inflammatory properties, 
y y : serum NO activity, and SOD and increased NO. 
decreased MDA content in 
myocardial tissue. 
Cinnamaldehyde, ods HDAC8 activity was ss payee temeds ey 
Aqueous cinnamic acid ee: significantly inhibited at SyHevelsucally x0 inate [16] 
cinnamyl alcohol HDACS8 inhibitory effects 67% the inhibition of the 
enzyme. 
clinical trial: Human studies 
(n = 137, W/M from China, ao aes . Proanthocyanidins act as 
5 Reduced fasting insulin, aad 
: 4% type A mean age 61.3 + 0.8 years, antioxidants by 
Spray-dried as Fasting S glucose, total and LDL pa aay , 
A oo procyanidin asting Serum anclesteroll <enhancedansalin inhibiting the formation [17] 
eat polyphenols Glucose (FSG): an sitivit of AGEs and Increased 
>6.1 mmol/L (HG), 56 % ¥: GLUT4 
overweight CS, 14 % obese 
In vitro: 
Extracts of DCM, Phenolic acids, Using RAW 264.7 and anti-inflammatory activity Downregulated the 
EtOAc. EtOH terpenes, and J7774A.1 macrophages. inhibiting NO, TNF-a and proteins [18] 
. . : id hyd Determination of nitric LPS, IFN-y in RAW 264.7 linked to infl 7 
MeOH, and H20 ca oxide by the Griess assay. and J774A.1 macrophages. duced to. 1nhammanon 
TNF-a by ELISA 
Inhibited the platelet-derived 
growth factor PDGF-BB- 
induced VSMC proliferation 
and suppressed the PDGF- 
stimulated early signal 
transduction. These effects were 
: Trans- Arrested the cell cycle and produced through a 
cinnamaldehyde, aes tes G0/G1 arrest, down- 
: aac a inhibited positive regulatory 5 
cinnamic acid, In vitro: : : regulated the expression 
Aqueous trans-cinnamic it aortic VSMC lee aa let of cell cycle positive 189 
re OrOs of p21 and p27 increased, YCENPOE 
alcohol, eugenol, : regulatory proteins by 
: also the expression of : 
coumarin. : . up-regulating p21 and 
proliferating cell nuclear 7 : 
antigen (PCNA) was ped Cxpresslon 
inhibited by the cinnamon 
extract. 
Inhibited the VSMC 
Proliferation. 
Powder cinnamon Dakichenals Clinical trial: Human trial, n peso eae tea nr 
bark mixed with a sce 500 m mae WG WY) BD yeas : ond Ciena eon ; Modifying ssulin or [20] 
High-Fat/high- PP old, BMI P ‘ GLP-1 response 
calodie meal Coumarin 28.0 k Increased cholesterolemic 
hn a response. 


3. Pathophysiology of Polycystic Ovary 


Syndrome 


The pathogenesis of polycystic ovary syndrome is quite 
complicated. Obesity and ovarian dysfunction, which can 
lead to hormonal imbalances, are two hereditary and 
environmental variables that might contribute to the 
development of PCOS [21]. The release of luteinizing 


hormone (LH) and follicle-stimulating hormone (FSH) 
aids in the correct functioning of the gonads, promoting 
the secretion of gonadal hormones such as testosterone, 
estrogen, and progesterone, and so regulates the 
reproductive process [22]. Hyper androgenemia is defined 
as elevated amounts of testosterone as well as 
elevated levels of androstenedione, which serves as an 
intermediary in the production of testosterone and 
dehydroepiandrosterone (DHEA) [21]. 
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Figure 1. Correlations between anthropometry and lipid profile in women with PCOS 


Women with PCOS have increased amounts of both 
androgen hormone and insulin. Many studies have shown 
that hyperinsulinemia is one of the key variables that 
contribute to the development of PCOS. Higher insulin 
levels stimulate the female ovary's release of the masculine 
hormone testosterone. It has been discovered that roughly 
50-90% of females with PCOS have insulin resistance, 


LODAN 


Genetics 


which leads to hyperinsulinemia. This insulin rise then 
collaborates with the luteinizing hormone. PCOS individuals 
have a mutation in LH G1052A, which affects the structure 
or function of LH and so contributes to the pathophysiology 
of this condition. A rise in luteinizing hormones raises 
testosterone levels as well as gonadotropin-releasing 
hormone, leading in an ovulation. [23]. 


Obesity 
andogens | SEMEN | [tn 


. 
| Skin Issues ul 


Ovarian follicles’ x | Diabetes J 
estrogens os 
w 


Psychosocial 
issues 


Menstrual irregularity 


| Cardiovascular risk 4 


“ 


Figure 2. Androgens increase the accumulation of advanced glycation end products in granulosa cells by activating ER stress in PCOS 
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Insulin resistance influences the amount of sex 
hormone-binding globulin as well (SHBG). The most 
major androgenic hormone found in females is testosterone. 
Its levels in the body should be maintained. Testosterone 
may be present in both bound and free states. SHBG is 
important in binding sex hormones like testosterone and 
so controlling the level of free testosterone. Females with 
PCOS have low levels of this protein, therefore their 
testosterone levels are higher than in typical healthy 
females [24]. The granulosa cells of the follicles in the 
ovaries generate anti-Mullerian hormone (AMH). Polycystic 
ovarian syndrome develops as a result of an excess in this 
hormone [23]. Because the number of follicles in PCOS 
patients is large, it is hypothesized that the rise in AMH 
levels is related to an increase in the number of follicles 
engaged in AMH generation. AMH interferes with the 
actions of follicle-stimulating hormones [25]. Six hundred 
people with hirsutism were identified with PCOS in a 
study of 1000 patients with hyperandrogenism. Hirsutism 
is the occurrence of a male-like hair pattern on a female's 
face and body. It has been shown that 20 to 40% of girls 
with acne may have PCOS. Hair loss in women is 
extremely unpleasant, causing worry and sadness. PCOS 
is seen in 10% of women who have alopecia [12]. 


4. Associated Morbidities 


4.1. Obesity and PCOS 


The impact of PCOS on obesity is quite complicated. 
Obesity is more frequent in women with polycystic ovary 
syndrome than in women without the condition. PCOS 
affects 38-66% of overweight and obese women [26]. 
Females with PCOS have a bigger quantity of fat 
deposited in the upper half of their bodies. Being 
overweight affects PCOS signs and symptoms, while 


a>” 


Lipid and CH rich food 
eg insulin Resistance 


t 


Hyperinsulinemia 


High level 


er 
Obesity 
e 
--- > 


Journal of Food and Nutrition Research 


being obese worsens the metabolic and reproductive 
features of PCOS [12]. Obesity is directly related to the 
development of PCOS. Obesity increases the amount of 
subcutaneous and visceral adipose tissues [27]. Obesity 
may contribute to the elevated level of cholesterol 
in this condition. Obesity, in addition to insulin resistance, 
causes quicker cortisol metabolism, which leads to 
hyperactivation of the hypothalamus-hypophysis adrenal 
axis (HHAA) and hence increases dehydroepiandrosterone 
(DHEA) synthesis [28]. Granular cell progesterone 
competes with cortisol, reducing cortisol's ability to bind 
to glucocorticoid receptors (GCR), which activate HHAA 
[29]. Obesity enhances aromatase expression, resulting in 
increased estrogen production in the ovaries. LH and FSH 
levels rise as a result of this. Chronic inflammation is 
caused by high amounts of leptin and leptin resistance, 
which alter the levels of LH releases and collagen in the 
ovaries [12]. Carbohydrate-rich diets can promote 
oxidative damage in blood cells, which can contribute to 
inflammation. Lipid-rich diets cause hyperandrogenemia 
by increasing testosterone production while decreasing 
SHBG protein synthesis. The intake of these diets has 
resulted in the accumulation of advanced glycation end 
products, which induce tissue damage to the ovaries [29]. 

An obese female with PCOS has a higher risk of 
acquiring metabolic syndromes, such as type 2 diabetes 
[30] and impaired glucose tolerance [30,31]. Obesity in 
these women also causes psychological problems such as 
worry or sadness. PCOS does not affect just obese women; 
it has also been observed in lean females. Obese women 
are more likely to get diseases such as breast cancer and 
endometrial cancer. Several studies have found that 
women with PCOS are more likely to acquire certain 
malignancies. The prevalence of polycystic ovarian 
syndrome in women is determined by their body mass 
index (BMI) in an unselected population of females 
looking for jobs in the health care field [32]. 
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Figure 3. Navigating the pathophysiology of polycystic ovarian syndrome, insulin resistance, and obesity 
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4.2. Type 2 Diabetes 


Multiple studies have identified a relationship between 
polycystic ovarian syndrome and non-insulin-dependent 
diabetes mellitus (type 2 diabetes), which might be 
attributed to the increased insulin resistance qualities 
reported in PCOS patients. 

Type 2 diabetes develops earlier in women with PCOS 
than in women without PCOS. According to research, the 
incidence of type 2 diabetes in Italian ladies with PCOS is 
2.6 times higher than in other females without the illness. 
This increase in the rate of acquiring type 2 diabetes is 
attributable to high BMI values and fasting glucose levels. 
In contrast, a high amount of sex-hormone-binding protein 


in plasma is associated with a lower risk of type 2 diabetes. 


Hyperandrogenism is also linked to an increased risk of 
type 2 diabetes. According to one study, the risk of T2DM 
in women with PCOS is four times higher than in healthy 
females. Females with PCOS who are young or middle- 
aged have an increased chance of developing T2DM later 
in life, owing mostly to obesity and insulin resistance. One 
in every five women with PCOS will develop T2DM [2]. 
Insulin resistance is defined as the poor response of body 
cells to insulin, which results in a high amount of glucose 
in our bodies (insulin resistance in PCOS) PCOS 
development and progression are aided by metabolic 
abnormalities [33]. According to studies, 85% of PCOS 
patients have hyperinsulinemia, with 95% being obese and 
65% being lean polycystic female patients. According to 
one study, lifestyle adjustments can improve insulin 
sensitivity by 70% in PCOS obese females for up to 
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6 months [2]. 


4.3. Cardiovascular Diseases 


Cinnamaldehyde, cinnamic acid, eugenol, and coumarin 
are some of cinnamon's most significant chemicals. These 
compounds exhibit a wide range of biological actions, 
including antimicrobial, anti-inflammatory, antioxidant, 
antifungal, antidiabetic, and antiobesity properties [34]. 
Cinnamaldehyde is the primary bioactive molecule 
(60-75%), and it is widely used in the food sector due to 
its pleasant flavor [23]. This molecule is helpful and 
protective against cardiovascular illnesses such as cardiac 
ischemia, cardiac hypertrophy, and myocardial infarction 
[35,36] (Figure 4). Cinnamaldehyde (1-10 mg/kg) 
was shown to lower blood pressure in sedated dogs and 
guinea pigs in the early 1970s, which was attributed 
to its peripheral vasodilating actions. Hypotensive 
qualities were also seen in anaesthetized rats, which were 
explained by its negative inotropic and chronotropic 
effects on the heart, as well as its vasorelaxant action. 
They noticed that the vasodilatory activity of 
cinnamaldehyde relaxed the rat aortic rings precontracted 
with phenylephrine, which was unaffected by the presence 
or absence of endothelium. Tarkhan et al. have 
demonstrated that this chemical protects against 
methylglyoxal-induced vascular injury in the rat thoracic 
aorta. Cinnamon chemicals include aromatic carboxylic 
acid, cinnamic acid, and other cinnamon compounds [37], 
also shown vasorelaxant actions in rat thoracic aortas [38] 
(Table 3). 
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Figure 4. Cardiovascular effects of Cinnamaldehyde 


Table 3. Effect of Bioactive components of cinnamon on CVD 


Bioactive component Mechanism References 
Vasorelaxant effects [38] 
Cinnamic acid Protective effects against myocardial ischemia 

Anti-obesity and cardioprotective 
Delay the progression of cardiac hypertrophy and fibrosis [39] 
Protect endothelial dysfunction under high glucose conditions 

Cinnamaldehyde Vasculoprotective effects in Hypercholesterolemic rabbits [40] 
Vasculoprotective effects 
Prevent the development of atherosclerotic lesions [41] 
Cytoprotective and anti inflammatory effect (37,251 
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Lipid dysfunction in PCOS individuals raises the risk of 
cardiovascular disease. Females with PCOS had higher 
triglyceride levels of 26.39mg/dl, higher non-HDL 
cholesterol levels of 18.82mg/dl, and lower high-density 
lipoprotein concentrations of 6.41mg/dl, which raises the 
risk of developing cardiovascular disorders. Women with 
PCOS have an increased amount of fatty tissues, which 
can worsen the condition and lead to type 2 diabetes, stroke, 
and CVD. PCOS patients contribute to the development of 
endometrial cancer through factors such as obesity, type 2 
diabetes, and anovulation, which raises estrogen levels in 
the body, leading in the production of such cancer. Several 
studies have found that obese females with PCOS are at a 
higher risk of acquiring cancer [2]. 


5. Treatment of Polycystic Ovary 
Syndrome with Cinnamon 


Endocrinologists, pediatricians, gynecologists, 
dermatologists, and psychologists are commonly used to 
treat PCOS symptoms such as hirsutism and acne [2]. The 
American task committee and the Australian Alliance 
Guidelines provide treatment guidelines for PCOS. 


5.1. Cinnamon Supplementation and PCOS 


Because of the side effects - effects caused by medical 
therapies, there has recently been a shift in emphasis 
toward natural supplements and herbal medicine. Natural 
products give several health benefits while posing little or 
no risks. Cinnamon has long been used in traditional 
medicine to treat a number of disorders such as 


amenorrhea, frigidity, headache, fever, common cold, 
diarrhea, toothache, flatulence, and so on [33]. Over the 
last decade, several research has been undertaken to study 
the effects of cinnamon supplementation on obesity, BMI, 
diabetes, metabolic syndrome, oxidative stress-related 
health problems, and PCOS [42]. 

Cinnamon has been studied for its effects on the 
cardiovascular system, primarily for its cardiovascular 
preventive characteristics. Furthermore, comorbidities 
such as diabetes and other metabolic illnesses enhance the 
likelihood of cardiovascular pathologies. Insulin resistance 
causes free radical production, which contributes to 
hypertension and endothelial dysfunction. Low insulin 
sensitivity is also linked to another metabolic syndrome 
(MetS) variables such as visceral obesity, hypertension, 
dyslipidemia, elevated proinflammatory cytokines, 
microalbuminuria, increased low-density lipoproteins, and 
reduced high-density lipoproteins [43,44,45]. The most 
often documented anti-obesogenic bioactive components 
in cinnamon are eugenol, cinnamaldehyde, and cinnamic 
acid, which improve glucose absorption and insulin 
sensitivity. However, in vitro models in 3T3-L1 
adipocytes show that the reported effects are related to an 
increase in IR, GLUT4 and TTP, mRNA levels for 
GLUT1, GLUT4 translocation, phosphorylation of AMPK 
and ACC, lipid storage accumulation and fatty acid 
oxidation, mRNA levels for CPT1, PGC1, PPAR, and 
CIDEA, expression of PLIN and GPDH, and decreased 
levels of CPT1la, PGCla, PPARy, and CIDEA, expression 
of PLIN and GPDH, and reduced the levels of mRNA 
levels for GSK3B, IGFIR, IGF2R, PIK3R1, adiponectin 
secretion, expression of PLIN and GPDH, C/EBPa, and 
PPARy [46]. 
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Figure 5. Cinnamon supplementation and PCOS 
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5.2. Cinnamon Supplementation 


When compared to placebo, cinnamon supplementation 
resulted in a significant decrease in weight, BMI, serum 
fasting blood glucose levels, insulin levels, levels of low- 
density lipoproteins, serum triglycerides, and total cholesterol, 
as well as a significant increase in levels of high-density 
lipoproteins [8]. Cinnamon has also been shown in 
Figure 5 to have an insulin-sensitizing effect, which is 
linked to improved menstrual cyclicity in PCOS patients. 
A study found that cinnamon supplementation restored 
menstrual cyclicity and ovarian morphology in a DHEA- 
induced PCOS mouse model. Furthermore, the cinnamon- 
treated group showed a substantial drop in serum levels of 
total testosterone, insulin, IGF-1, and LH, as well as a rise 
in serum FSH levels. Cinnamon powder capsules were 
reported to lower levels of low-density lipoproteins, 
fasting insulin, and insulin homeostatic model evaluation 
in PCOS women. Cinnamon supplementation increased 
antioxidant status and serum lipid profile in PCOS 
patients and may be useful in lowering PCOS risk factors 
and consequences [8]. A study was done to see how 
cinnamon supplementation affected metabolic dysfunction 
and menstrual cyclicity in PCOS patients. According to 
the findings, cinnamon supplementation improves 
menstrual cyclicity and can be utilized as an effective 
therapy option for patients with Polycystic Ovarian 
Syndrome. As a result, the research findings listed above 
imply that cinnamon can be utilized as an effective 
treatment agent for PCOS [42]. 


5.3. Lifestyle Modifications 


Because obesity is a major contributor to the 
development of PCOS, it is suggested that you exercise 
and eat a well-balanced diet to keep your weight in check. 
As a result, lifestyle adjustments are critical in the 
treatment of PCOS. It has been discovered that even a 5% 
weight loss can reduce insulin and testosterone levels, 
improving fertility and the menstrual cycle [2]. Other 
lifestyle variables, like alcohol intake, psychological 
stresses, and smoking, must also be modified in the long- 
term therapy of PCOS. Exercise is an excellent 
supplement to any way of life. It is beneficial to the mind, 
body, and soul [47]. It appears to restore ovulation in 
obese women with PCOS, in addition to burning fat and 
decreasing the risk of heart disease and type 2 diabetes. It 
was also shown that consistent and non-dramatic weight 
loss aS a consequence of exercise and good lifestyle 
modifications resulted in a decrease of central fat and 
enhanced insulin sensitivity, restoring ovulation in 
overweight infertile women with PCOS. Obese women 
who want to enhance their reproductive function should 
start with lifestyle changes. 


6. Conclusion 


The prevalence of PCOS is expected to rise as the 
obesity pandemic expands and the world population grows. 
Given our hereditary tendency for weight gain and the 
development of PCOS in certain women. Obesity is 
common in PCOS and aggravates many of the condition's 


reproductive and metabolic symptoms. The relationship 
between PCOS and obesity is complex. Lifestyle and 
nutritional changes are essential to control PCOS and 
obesity. Cinnamon also has an influences estrous cyclicity 
and ovary shape, reduces blood testosterone and insulin 
levels, and lowers IGF-1 levels in plasma while increasing 
IGFBP-1 levels. Cinnamon has been proposed as a 
potential treatment for PCOS. 
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